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Outline 


Theoretical  Isp  of  cryogenic  solid  propellants  composed  of  the  atoms,  dimers  and  Miners  of 
lightweight  elements  isolated  in  solid  para  hydrogen.  Consequences  of  condensation. 

Spectroscopic  studies  of  Boron/Carbon  clusters  by  matrix  isolation  spectroscopy. 

Development  of  stable,  hi-flux  boron  atom  source  for  preparation  of  cryogenic  solid  HEDM 
(under  auspices  of  Small  Business  Innovative  Research  (SBIR)  program. 

First  optical  spectrum  of,B3  (under  auspices  of  International  Research  Initiative  of  the  Air 
Force  Office  of  Scientific  Research). 

Video  of  exploding  B/C  and  C  HEDM.  .  .. 

Approved  for  public  release;  distribution  unlimited.  « 


L0X/sH2  baseline  Isp  »  389  s 


AFRUPRSP  Branch  Review,  Edwards  AFB,  CA  19  September  2001 

Cryosolid  Propellants  Approach  (Make) 

*  Rapid  vapor  deposition  of  metal  atom  vapor  and  pre-cooled 
parahydrogen  gas  onto  a  liquid  helium  cooled  substrate  in  vacuum. 
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Optimum  Isp  (sec) 
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HEDM  Heat  of  Formation  (kcal/100  moles  H2) 
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Optimization  of  boron  HEDM  propellant  combustion  wifli  liquid  oxygen. 

The  propellant  formulation  is  H190B5,  or  5  equivalent  mole  percent  boron  atoms  isolated  in  95  mole  percent  solid 
parahydrogen.  The  four  panels  show  the  optimization  for  each  of  four  levels  of  atom  condensation:  (1)  B  atoms*  (2)  B2 
molecules  (3)  B3  molecules,  and  (4)  B4  molecules.  The  Isp  and'Tc  were  calculated  for  the  Standard  Rocket'Condition:  100J>  psi 
chamber-pressure  and  expansion  to  sea  level,  which  for  L0X/LH2  produces  an  Isp  Of  38?  s  and  a  chamber  temperature  of  2984 
K.  The  heats  of  formation  for  B5H190  listed  in  each  panel  are  derived  from  -220  keal/mol  for  solid  parahydrogen  at  4.4  K,  and 
135.0  for  B,  203.4  for  B2, 1 92^8  for  B3,  and  225  keal/mol  for  B4.  The  Isp  and  Tc  for  no  oxidizer  are  listed  together  with  the 
optimum  (maximum)  Isp  obtainable  for  the  specified  O/F  ratio  (by  mass)  and  the  value  of  Tc.  In  all  cases  the  chamber 
temperature  with  boron  HEDM  is  very  much  less  than  the  Tc  of  the  E0X/LI-I2  Standard  Rocket,  which  produces  Isp  -  389  s 
with  Tc  =  2984.  The  uncondensed  boron  HEDM  Isp  of 474  s  runs  at  1832  K.  With  no  oxidizer,  the  uiicondensed  boron  HEDM 
rocket  runs  at  965  K  and  produces  Isp  —  402  s.  * 
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Preparation 

3000  K  Oven  10  K  Substrate 

Tacell" 

graphite 
-  liner" 

powder^ 
mixture 

B/C-l/3 


Annealing 

aft  10 K  g3  32.5 K, 60s  aft  40.0  K,  20  s 

al  27.5  K,  120  s  aft  35.0  K,  45  s  sublimation 

a2  30.0 K,  90s  -aft  37.5 K, 20s  rate ~  1  jim/s 

Precision  matched  pair  of  matrices 

Green  Matrix  11B/’°B  =  80/20  enhanced 

Red  Matrix  11B/I0B  =  27/73  enhanced ’•BjC^j 
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Survey  spectra  showing  BC2,  B2C,  C4,  BC37B2c7 


Doublet  peaks  belonging  to  ,0BCri  and  uBQh,  and  triplets  belonging  to  l#B2CD.2,  ,0'UB2CI>.2,  and  "BjC^  are  seen 
with  inverted  intensity  ratios.  Note  red  shift  of  BC3  from  G».  BC,  B3,  and  B3C  were  not  observed. 
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Electronic  absolution  spectra  recorded  in  a  6  K  matrix  after  4  hours  of  mass-selected  co-deposition  of  B3’  with 
neon.  The  bottom  trace  shows  the  iE’  -  X  ‘Aj’  electronic  transition  of  B3‘  overlapped  by  the  2  2E}  -  X  2Ai’  system 
of  B3,  produced  from  partial  neutralization  of  the  anions  impinging  on  the  matrix  during  deposition.  The  top  trace 
reveals  the  2  2E’  -X  2Ai  electronic  transition  of  B3  ‘measured  after  exposure  to  UV  radiation:  Absorption  belonging 
to  the  anion  disappears. 


M.  Wyss,  E.  Elaplov,  A.  Batalov,  J.  Pr  Maier,  T.  Weber,  W.  Meyer,  P-Rosmus,  J.  Chem.  Pkys.  (2003,  in  press). 
University  of  Basel,  University  of  Kaiserslautern,  Umversite  de  Marne  la  Vailee 
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Conclusions 

Large  I sp  improvements  arc  produced  by  ciyogeriie  solid  propellants  \tfth  atoms,  dimers,  trimers*  and 
tetramfefs  isolated  in  solid  hydrogen,  but  condensation  leads  to  loss  of  benefit 

5  mole  percent  B  atoms  produces  Isp  of  474  seconds  compared  to  389  s  for  LOX/$H2 .  The  TOM 
combustion  temperature  is  1832  K,  compared  to  2984 K  for  LOX/$H2. 

Annealing  kinetics  of  disappearance  of  C3  and  BC2,  and  of  appearance  of  5*0,  C4,  BC3,  BjC*  C5,  BC4,  and 
B2C3  unequivocally  establishes  the  presence  of  atoms  and  dimers  in  the  originally  depositee!  matrix. 

~  80%  or  more  of  the  initially  deposited  HEDM  existed  as  ntoms^  dimers  and  trimers. 

B2Cn  molecules  are  linear,  with  boron  atoms  attached  to  each  end,  and  are  immune  to  radical  attack  and- 
condensation  during  annealing. 

Theory  predicts  that  a  12  keal/mol  barrier  exists  for  B  atom  insertion  into  H2,  so  isolation  by  co¬ 
condensation  may  be  possible.  ‘  - ...  ■ 

A  stable,  high-flnx  B-atom  source  has  been  developed  under  the  Small  Business  Innovative  Research 
Program  capable  of  production  of  100  mg  of  Boron  HEDM  in  a  few  hours, 

B2  or  Bs  may  be  the  ultimate  sinks  (islands  of  stability)  for  atoms  in  the  low  temperature  environment 

Studies  of  the  spectroscopy  and  reactivity  of  B  atoms  and  small  clusters  with  hydrogen  are  underway  at  the 
University  of  Basel,  supported  by  the  Air  Force  Office  of  Scientific  Research  through  the  International 
Research  Initiative  program. 
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Theoretical  Infrared  Intensities  Linear  Cn,  DFT/B3LYP 
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Carbon  clusterdisMbutions 
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o  35-  Purvey  spectra  of  precision  matched  matrices  showing  larger  clusters 
n  >4,  J  =  0, 1, 2  in  onginal  matrices  and  after  three  annealings. 

Green  (“B/V  =  80/20)  and  Red  (UB/10B  =  27/73)  Matrices.  AM  peaks 
0.30-  except  C?  grow  upon  annealing.  Fundamentals  of  BO,.!  for  n  =  5,  6, 7, 

and  9  are  similarly  red-shifted  from  fundamentals  of  linear  C,,  and  their 
experimental  absorbances  are  all  slightly  greater.  Two  fundamentals  of 
'  BQ  are  observed  at  2112  and  1866  cm'1,  red-shifted  from  the  two 
0-25-  fundamentals  of  linear  C7. 


■  absorbance 


Identification  of  9  of  the  16  isotopomers  of  linear  BCCC  in  5  matrices. 


.  Identification  of  7  isotopomers  of  the  10  isotopomers  of  BCCB  in  5  matrices. 


